Objective Galactomannan (GM) and (1, 3)-β-D-glucan (BG) are considered useful seromarkers for the diagnosis of invasive pulmonary aspergillosis (IPA) in patients with neutropenia. However, there is still limited data on these seromarkers for testing non-neutropenic patients who are at the risk of IPA. The aim of this study was to evaluate the value of these two serum antigen assays for the early diagnosis of IPA in patients without neutropenia. Methods Between January 2011 and December 2012, 97 patients with suspected IPA admitted to the department of respiratory diseases and the respiratory intensive care unit were prospectively monitored. Serum GM and BG assays were performed before the patients received antifungal therapy. Results Patients were classified as proven IPA (n=11), probable IPA (n=16), possible IPA (n=4), or non-IPA (n=66). The most common underlying disease of patients with IPA was chronic obstructive pulmonary disease (18.5%), and 22.2% patients with IPA had no known diseases. The sensitivities, specificities, and positive and negative predictive values of the GM and BG assays and at least one positive on both assays were 40.7%/89.4%/61.1%/78.7%, 48.1%/78.8%/48.1%/78.8%, and 70.4%/75.8%/54.3%/86.2%, respectively. Conclusion Compared with the testing of neutropenic patients, the serum GM or BG assay alone was less useful for the diagnosis of IPA in non-neutropenic patients. However, at least one positive result of the two serum assays appeared to be useful in the diagnosis of IPA in non-neutropenic patients.
Introduction
Invasive pulmonary aspergillosis (IPA) is most common in patients with hematological diseases, particularly in those with prolonged neutropenia (1) . However, an increasing number of studies suggests that IPA is not rare in nonneutropenic patients and can cause high morbidity and mortality (2) (3) (4) . Early diagnosis is the key to improve prognosis. However, the clinical features of IPA are not well defined in non-neutropenic patients, especially in those without underlying conditions (5) . Sputum cultures may require several days of growth, and thoracic computed tomography (CT) scanning is not sensitive to the halo and air crescent signs (6) . The invasive procedures required to obtain specimens for histopathological examination can only be performed in a subset of patients. Thus, accurate and early diagnosis to initiate prompt antifungal therapy still remains a great challenge for physicians.
The value of serum galactomannan (GM) and (1, 3)-β-Dglucan (BG) assays are well documented for the early diagnosis of IPA in patients with neutropenia (7) (8) (9) . However, there is limited data on these serum markers for testing nonneutropenic patients who are at risk of IPA, and the value of the combination of both tests for this patient population remains unclear. In the present study, we evaluated the useful- ness of GM and BG assays for the early diagnosis of IPA in non-neutropenic patients and investigated whether the combination of both tests would improve the diagnostic efficiency.
Materials and Methods

Study design
The study was conducted between January 2011 and December 2012 in the department of respiratory diseases and the respiratory intensive care unit of Chinese PLA General Hospital in Beijing, China. Patients (>18 years old) with newly emerging respiratory symptoms or those in the acute exacerbation stage with lung shadows on CT (e.g., infiltrative shadow, ground-glass opacity, multiple nodules, the halo and air crescent signs, etc.) and without improved clinical symptoms or imaging findings after four days of broadspectrum antibiotic treatment were included in the study. The exclusion criteria were chronic necrotizing pulmonary aspergillosis (CNPA), aspergilloma, neutropenia, and hematological diseases. CNPA and aspergilloma were differentiated from IPA mainly according to the clinical and radiological findings, such as patients with a slowly progressive course of weeks to months with chest CT showing pleural thickening and cavitary lesions, particularly in the upper lung lobes. Each of the included patients was classified according to the criteria of the European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) revised in 2008 (1) . The patients were categorized as proven, probable, possible, or non-IPA. Only proven and probable IPA were considered truly positive, and only no-IPA cases were considered truly negative. The definite diagnosis of IPA was not based on the results of the GM or BG test.
1-3-!-D-Glucan and galactomannan detection
Serum samples of all the included patients were collected before they received any antifungal therapy. Serum samples were simultaneously tested with the BG and GM assays. BG was detected with the Glucatell test kit (Associates of Cape Cod, Falmouth, USA). The patients were considered positive if the index value was ! 80 pg/mL (10) . The detection of the GM antigen was performed with the Platelia Aspergillus EIA test (Bio-Rad Laboratories, Hercules, USA) according to the manufacturer's instructions (11) . A sample was judged positive if the level of GM was ! 0.5. GM and BG antigen testing was performed in batches.
Date analysis
The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of GM and BG assays were calculated in comparison with the reference diagnosis, which was based on cases of proven or probable IPA. Student's t-tests or the Wilcox rank-sum test were used to compare continuous variables, and Chi-square or Fisher's exact tests were used to compare categorical variables. All p values were 2-tailed, and p<0.05 was considered statistically significant.
Results
Study population
During the study period, 97 patients were included. Patients were classified as proven IPA (n=11), probable IPA (n=16), possible IPA (n=4), or non-IPA (n=66). Their clinical characteristics are shown in Table 1 . The median age was 56 years (range 21-84 years), and 61.9% of the patients were men. The most common underlying diseases were nonmalignant pulmonary disease (29.9%), followed by no underlying disease (18.6%), and kidney transplant (10.3%). Table 2 shows the characteristics of 27 patients with proven (n=11) or probable (n=16) IPA. Six patients had no underlying diseases. Non-malignant pulmonary disease (10/ 27) was the most common underlying condition of patients with IPA. Among these patients, five had chronic obstructive pulmonary disease (COPD), two had bronchiectasis, two had asthma, and one had interstitial pulmonary fibrosis. In addition, three patients had solid organ malignancy, and three had diabetes mellitus. Three patients had received immunosuppressive therapy for related diseases, and 12 patients had inhaled and/or systemically used corticosteroids for more than three weeks prior to the diagnosis of IPA. The mortality rate of the 27 patients with proven or probable IPA was 33.3%.
Diagnostic and prognostic values of the serum GM and BG assays
The results of the serum GM and BG tests are shown in Tables 3 and 4 . The GM and BG assays of the study population (n=93, four patients with possible IPA were excluded) yielded positive values in 18 and 27 patients, respectively. At least one of the assays was positive for 35 patients, and (1, 3) --D-glucan, IPA: invasive pulmonary aspergillosis, BG/GM: IPA was diagnosed when one of both seromarkers was positive in any one patient, BG+GM: IPA was diagnosed only when both seromarkers were positive in any one patient, PPV: positive predictive value, NPV: negative predictive value both assays were positive for 10 patients.
Among the 11 of the 27 patients with probable or proven IPA with positive GM assays, 13 had positive results on the BG test, 19 patients had at least one positive results, and only five patients had positive results on both tests. Eight cases that were positive on the BG test were negative on the GM test, and six cases that were positive on the GM assay were negative on the BG assay.
The GM and BG median values for the survival and nonsurvival groups were not statistically different (0.41 vs. 0.92, p=0.643 and 71.8 pg/mL vs. 72.5 pg/mL, p=0.173).
Discussion
The GM antigen is an aspergillus-specific antigen that is released during the growth phase of invasive aspergillosis (IA). It has been considered as a useful surrogate marker for the diagnosis of IA, particularly in those patients with hematological malignancies or who have undergone hematopoietic stem cell transplantation (9) . However, a recent retrospective study showed that the sensitivity of the GM assay was only 23.1%, and the specificity was 76.1% when using a cut-off of 0.5 (12) . Two other studies focusing on the value of GM antigen for the diagnosis of IPA in nonneutropenic patients reported that the GM assay had a relatively high sensitivity of 50.0-57.9% and a specificity of 84.2-87.3% when using a cut-off of 0.5 (6, 13). In our study, which included more proven IPA patients, a similar result was obtained with a sensitivity of 40.7% and a specificity of 89.4% when using the cut-off of 0.5. This suggest that the GM assay might be less useful for the diagnosis of IA in non-hematological patients. The other important seromarker used for the early diagnosis is BG, which is a cell wall polysaccharide component specific for fungi except for zygomycetes and cryptococci (14) . For hematological malignancies patients with IPA, the sensitivity and specificity of BG assay were 66% and 75.6%, respectively, with a cut-off of 80 pg/mL (15) . However, there are few existing studies on the value of the BG assay for non-neutropenic patients with IPA. In our study, the sensitivity and specificity of the BG assay were 48.1% and 78.8%, respectively. Compared with neutropenic patients, the sensitivity for non-neutropenic patients was obviously lower.
One study reported that when the GM and BG assays were both positive in adult neutropenic patients, the specificity of each individual test could be improved without affecting the sensitivity for the diagnosis of IA (16) . This was in contrast to our data, which demonstrated that positive results of both seromarkers had the highest specificity of 92.4% but a low sensitivity of 18.5%. A possible reason for this might be that the serum samples were collected prematurely, as BG tended to become positive earlier than GM (16) . In addition, Hachem et al. reported that due to the high sensitivity of the BG assay and the high specificity of the GM assay, the combination of both tests might be the best approach for diagnosing IA in hematologic malignancy patients (17) . Our investigation indicated that the strategy of at least one positive result for the two tests in the diagnosis of IPA in non-neutropenic patients might have a relatively high sensitivity of 70.4%, with a comparable specificity of 75.8%. These findings were consistent with the results of other studies, such as GM combined with the clinical isolation of Aspergillus spp. or consecutive GM assays (13, 18) . Considering that sputum cultures and consecutive GM tests would consume more time and increase cost, GM combined with BG might be more useful and efficient for early diagnosis.
Among patients with COPD, those who take corticosteroids are at high risk for IPA (4) . Indeed, the most frequent underlying disease of IPA patients in the present study was COPD (18.5%), and all of these patients received corticosteroid treatment. COPD was followed by solid organ malignancy and diabetes mellitus (both 11.1%). In addition, 22.2% of the patients with IPA in our study had no basic diseases, which was a similar proportion to that of a previous study in non-neutropenic patients without any underlying diseases (19.2%) (5) . This finding should raise great concern and it therefore deserves sufficient attention.
There are several limitations associated with our study. Firstly, our patients were chosen from a single center, and the sample size was small. Secondly, the PPV might have been influenced by the prevalence of IPA, as the research had certain selectivity for a patient group with a high prevalence of IPA. Thirdly, our sampling strategy might have impacted the sensitivity of the GM and BG assays.
In conclusion, compared with the neutropenic patients, the serum GM and BG assays were less useful for the diagnosis of IPA in non-neutropenic patients. At least one positive result from the two tests appeared to be useful in diagnosing this patient group, but the value of this approach needs to be confirmed in future trials.
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